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ABSTRACT 


Storage reliability and parameter drift rates were measured on 10,027 
Minuteman chip and bond wire Resistor-Transistor Logic (RTL) devices, 
which have been in storage since mid-1967 (eight years)., Three parts 
failed as a result of the eight years of storage. Analysis of the 

failed parts showed all three were caused by oxide defegts which allowed 
the deposited aluminum metalization to contact the act silicon of the 
die and short to ground. The 90% confidence level valxes for Failure Rate 
and Mean Time Between Failure are 0.0095x10-6 failureg/part-hr and 105210° 
part-hre/fatilure, respectively. j 


j 
; 


After eight years of storage, none of the parts experienced a single 

bond wire failure, no external leads were corroded or broken and there 
were no package problems. This is evidence of the high storage reliability 
that can be achieved with proper design, manufactyring and test procedures. 


Parameter drift measurements showed the resistor elements virtually un- 
changed after 8 years of storage. However, the traneistor elements showed 

@ significant degradation in gain characteristies. The gain changes are 
attributed to migration of contaminants (which are always present in minute 
amounts), and/or to changes in the gold doping process used in the manufacture 
of the parts. The average rate of drift ranged from 1-2% per year, depending 
on the logic function circuit involved. Substantially higher rates of drift - 
up to 7% per year - occurred in parts whose 1967 measured performance fel) 
more than one standard deviation (-lc) below the mean. About 2% of the 

parts measured had drifted close enough to specification limits to be 

classed as “incipient failures” (Parts that are likely to drift out of 
specified performance levels in 10 years of storage or less). With one 
exception, all of these “incipient failures” were -lo parts or worse when 
tested in 1967. The etrong correlation between original measured performance 
and drift rate suggests that storage life ean be enhanced significantly by 
rejecting parte that fall below the -lo lpvel during acceptance testing. 
Rejecting the 16% of the parts that fall outside the -lo value would reduce 
the number of parameter drift failures that could be expected during 10 

years of storage from 2% of the population to less than 0.1%. 
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5.0 INTRODUCTION 


This volume tabulates all parameters measured on each part tested, 
The tables have been grouped by logic function, starting with the 
Twin Buffer and ending with the Expander, as shown in Figure 5-0. 
At the top of Figure 5-0 is a Guide showing the location of each 
data set, This figure also identifies cach parameter measured on 
each of the seven types of logic devices. The specification limits 
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FIGURE 5-0. MATRIX OF PARAMETER MEASUREMENTS 


The circuit schematics showing the input conditions for each of the 
parameter measurements are contained in the Appendix to this volume, 
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5.1 TWIN BUFFER TEST RESULTS 


Figure 5-1 and Table 5-I present the circuit diagrams and the test 
results, respectively, for the Twin Buffer devices. The table lists 
both the original 1967 test and the 1975 test values, as well as 

the difference (delta) between them. The left-hand column titled 
“SERIAL” contains the part serial number, All current values are 
listed in ampere units, while all voltage values are in volt units. 
The standard computer printout convention has been used to denote 
exponents, i.e., 1.234E-02 = 1,234x10-? or 0.01234, 


The actual test input conditions used for each of the seven parameter 
measurements made on the Twin Buffer devices can be found in the 
Appendix to this volume, Figures A-1 (a) through A-1 (g). 
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FIGURE 5-1 WIRING AND LOGIC DIAGRAMS FOR TWIN BUFFER 
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$.2 ADDER TEST RESULTS 


Figure S-2 and Table 5-II present the circuit diagrams and the test 
results, respectively, for the Adder devices. The table lists 

both the original 1967 test and the 1975 test values, as well as 
the difference (delta) between them. The left-hand column titled 
“SERIAL” contains the part serial number, All current values are 
listed in ampere units, while al] voltage values are in volt 
units. The standard computer printout convention has been used 

to denote exponents, i.e., 1.234E-02 = 1,234x10-2 or 0.01234. 


The actual test input conditions used for each of the six parameter 
measurements made on the Adder devices can be found in the Appendix 
to this volume, Figures A-2 (a) through A-2 (f). 


Ri, 02, RI, AA, AS > 3. 
06, 07, AB, RD, RIO > 1. 
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FIGURE 5-2 WIRING AND LOGIC DIAGRAMS FOR ADDER 
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$.3 DOUBLE GATE TEST RESULTS 


Figure S-3 and Table S-III present the circuit diagrams and the 
test results, respectively, for the Double Gate devices. The 
table lists both the original 1967 test and the 1975 test values, 
as well as the difference (delta) between them. The left-hand 
column titled "SERIAL" contains the part serial number, All 
current values are listed in ampere units, while all voltage 
values are in volt units. The standard computer printout conven- 
tion has been used to denote exponents, i.e., 1.234£-02 = 1.234x10 
or 0.01234. 


~2 


The actual test input conditions used for each of the seven parameter 
measurements made on the Double Gate devices can be found in the 
Appendix to this volume, Figures A-3 (a) through A-3 (g). 
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FIGURE 5-3 WIRING AND LOGIC DIAGRAMS FOR DOUBLE GATE 
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5.4 FOUR-INPUT GATE TEST RESULTS 


Figure 5-4 and Table 5-IV present the circuit diagrams and the test 
results, respectively, for the Four-Input Gate devices. The 
table lists both the original 1967 test and the 1975 test values, 
as well as the difference (delta) between them, The left-hand 

. column titled "SERIAL" contains the part serial number. All 

. current values are listed in ampere units, while all voltage 
values are in volt units. The standard computer printout con- 

ra vention has been used to denote exponents, i.e., 1,234£-02 & 
1,234x10"* or 0.01234, 


The actual test input conditions used for each of the six parameter 


measurements made on the Four-Input Gate devices can be found in the 
Appendix to this volume, Figures A-4 (a) through A-4 (f). 
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5.5 HALF ADDER TEST RESULTS 


Figure 5-5 and Table 5-V present the circuit diagrams and the test 
results, respectively, for the Half Adder devices. The table 
lists both the original 1967 test and the 1975 test values, as 
well as the difference (delta) between them, The left-hand 
column titled "SERIAL" contains the part serial number, All 
current values are listed in ampere units, while all voltage 
values are in volt units, The standard computer printout con- 
vention has been used to denote exponents, i.e., 1,234E-02 « 
1,234x1072 or 0.01234, 


The actual test input conditions used for each of the six parameter 
measurements made on the Half Adder devices can be found in the 
Appendix to this voluse, Figures A-5 (a) through A-5 (f). 
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5.6 REGISTER TEST RESULTS 


Figure 5-6 and Table 5-VI present the circuit diagrams and the test 
results, respectively, for the Register devices. The table lists 
both the original 1967 test and the 1975 test values, as well as 
the difference (delta) between them, The left-hand coium titled 
"SERIAL" contains the part serial number. All current values are 
listed in ampere units, while all voltage values are in volt 
units. The standard computer printout convention has been used 

to denote exponents, i.e., 1,234E-02 = 1,234x10-2 or 0.01234, 


The actual test input conditions used for each of the six parameter 
measurements made on the Register devices can be found in the Appendix 
to this volume, Figures A-6 (a) through A-6 (f). 
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5.7 EXPANDER TEST RESULTS 


Figure 5-7 and Table 5-VII present the circuit diagrams and the test 
results, respectively, for the Expander devices, The table lists 
both the original 1967 test and the 1975 test values, as well as 

the difference (delta) between them, The left-hand column titled 
“SERIAL” contains the part serial number. All current values are 
listed in ampere units, while all voltage values are in volt 

units. The standard computer printout convention has been used 

to denote exponents, i.e., 1,2348-02 = 1,234xl0-2 or 0.01234, 


The actual test input conditions used for each of the seven parameter 
measurements made on the Expander devices can be found in the Appendix 
to this volume, Figures A-7 (a) through A-7 (g). 
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APPENDIX 


The input conditions used to measure each parameter (see Figure $.0, 
pp 5-1) are defined in the circuit diagrams that follow. The 
diagrams are grouped by logic function, starting with the Twin 
Buffer devices and concluding with the Expander Devices, The 
Figure No. of each diagram is as follows: 
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